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Earth’s processesEarth s processes

• Earth’s materials are in many phases : solid, liquid,Earth s materials are in many phases : solid, liquid, 
gas

• Processes like heat conduction/convection; / ;
electromagnetic induction/MHD; elastic , viscous; 
coupled processes, take place

• Modeling all these physical processes collectively is 
needed for exploring natural resources, protection 

l h d d lagainst  natural hazards and environmental 
degradation



Basic problem of Earth ScienceBasic problem of Earth Science

• Earth’s interior  is cooling  and this leads to all geological g g g
phenomena observed at the surface

• Earth’s cooling is determined mainly by how  heat is lost by 
b lk tl l b t libulky mantle, less by crust or core  cooling.

• Mantle cools by mode of transport of heat, by solid state 
convection , no inertia, rotation and highly viscous., , g y

• This process generates deformation of surface region and 
melts to add to curst and also heat for metamorphism.

• So earth science education and research   should have a focus  
on mantle convection problem  both global and local such as 
underlying and around Indian region for understanding Indianunderlying  and around Indian region for understanding Indian 
geology.



Mathematical Modeling  in earth 
science

• Conversion of hypothetical ideas of geologicalConversion of hypothetical ideas of geological  
processes to  mathematical equations, like  algebraic 
and  ordinary differential and partial differential 
equations.

• Optimizing parameters by assimilating   geological 
data with solution of these equations

• Equations used earth sciences is summarized in 
lsequel.



Conservation laws for  geodynamics

Entropy inequality



Constitutive relationships fro geodynamics



Constitutive relationships fro geodynamics



Conservation laws for electromagnetism



Constitutive relationship for electromagnetism



Governing equation for geopotential fields



Governing equation for elastic earth



Governing equation for thermal geophysics



Equation for geochemical reaction and diffusion

Geochemcial fields in reactive media in  
are coupled with flow and deformation 
fields in the porous earth model .  



Governing equation for kinematic dynamoGoverning equation for kinematic dynamo



Big three equationsBig three equations 
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Solutions of these equations numerically obtained 
f li ti b d h fi d l li tifor realistic boundary shapes find large application 
in earth science data interpretation and forecasting.



Some challenging problemsSome challenging problems

• Finding past motions in the mantle constrained by g p y
observations of past plate motions and present tomography 
images of the earth. (Navier‐Stokes equation constrained 
optimization)optimization)

• Find the  core motions from observation of past geomagnetic 
field ( MHD constrained optimization)

• Earthquake processes ( equations for elastic waves and 
deformation, friction on fault, gravity/geoid constrained 
optimization)optimization)

• All using Multiphysics and optimization modules



PDE constrained optimizationPDE constrained optimization

• Given physicochemcial process in the earthGiven physicochemcial process in the earth

‐ A set of PDEs, coupled

• Given observations of mechanical andGiven observations of mechanical and 
electromagnetic fields

• Minimizing the norm of differences between dataMinimizing the norm of differences between data 
and computed data to get the parameters, 
initial/boundary conditions

• Such problems pervade all areas of earth science



Numerical modeling/ COMSOL 
l hMultiphysics

• Geological complexity in full is not amenable to g p y f
analytical tools.

• Differential equations are reduced to algebraic 
l d lequations in numerical modeling

• These  sets of algebraic equations are solved by using 
computerscomputers

• Results are visualized in computer 
• COMSOL multiphysics has been used for thisCOMSOL multiphysics  has been used for this 
purpose.



Effect of erosion/deposition on the 
thermal structure of a half space

PDE  in coefficient form
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Effect of CO2 infiltration from depth on the ec o CO a o o dep o e
thermal structure of a half space
Defining equation  in coefficient form
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Earth science educationEarth science education

• Collecting observation in ever increasing details andCollecting observation in ever increasing details and 
hoping pattern to understand data will emerge: 
empiricism

• Construction of models of patterns 

• Need both instruments and mathematics

• Modeling method for teaching earth science, like 
Hestenes approach to physics

• COMSOL multiphysics can be used as an excellent 
tool for such teaching



COMSOL Multiphysics  has been used in 
constructing models of typical 
geodynamical processes.

http://www geology umd edu/~montesi/Geodynamics/ComsolModels shtmlhttp://www.geology.umd.edu/~montesi/Geodynamics/ComsolModels.shtml



An interesting application of COMSOLAn interesting application of COMSOL 
Multiphysics

Linking Physical and Numerical Modelling in 
Hydrogeology using Sand Tank Experiments andHydrogeology using Sand Tank Experiments and 
COMSOL Multiphysics
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Concluding remarksConcluding remarks

• Earth is being observed by many platformsEarth is being observed by many platforms 
and now observations constitute big data sets.

• All data need to be fitted with a earth model• All data need to be fitted with a  earth model, 
so multiphysics and data assimilation are 
neededneeded.

• COMSOL multiphysics has found applications 
i l d hi i i i diin several areas and this activity is expanding




